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A B S T R A C T
We describe two individuals with the same chromosomal aberrations derived from an unbalanced
translocation between chromosomes 8p and 9p, who presented with intellectual disabilities,
dysmorphic features, and localization-related epilepsy. Several years after the onset of epilepsy,
aggravation of widespread epileptic discharges during sleep resulted in the emergence of absence and/or
atonic seizures in both patients; one patient additionally presented with psychomotor deterioration.
These symptoms completely disappeared after treatment with ethosuximide and benzodiazepines, and
marked improvement was observed in electroencephalographic ﬁndings. We review the clinical features
of der(8)t(8;9) with particular focus on epileptic complications. We conclude that particular types of
chromosomal aberrations may have a propensity to develop the condition categorized as electrical
status epilepticus in sleep.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Some children with localization-related epilepsies experience a
clinical course that is complicated by cognitive and/or motor
deterioration accompanied by the emergence of abundant, diffuse
paroxysmal activity during sleep as observed on electroencepha-
lograms (EEGs). This evolution of epileptic encephalopathy is
termed as electrical status epilepticus in sleep (ESES), which
emerges a couple of years after the onset of epilepsy, and lasts
months to years but is usually self-limited.1,2 ESES has been
identiﬁed in children with benign partial epilepsy or those with
epilepsies due to congenital brain lesions including mutilobar
polymirogyria.1–3 On the other hand, ESES in chromosomal
aberrations has been rarely reported.4We describe two individuals
with the same chromosomal aberrations derived from an
unbalanced translocation between chromosomes 8p and 9p,
who presented with forms of epilepsy that could be categorized* Corresponding author. Tel.: +81 42 341 2711; fax: +81 42 346 1705.
E-mail address: saitoyo@ncnp.go.jp (Y. Saito).
1059-1311/$ – see front matter  2012 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2012.01.002in the spectrum of ESES, in addition to dysmorphic features caused
by these chromosomal aberrations.
2. Case report
2.1. Patient 1
Patient 1, an 8-year-old girl, was born to unrelated, healthy
parents at 40 weeks of gestation after an uneventful pregnancy.
Neither of her parents had intellectual impairment or epilepsy. She
gained the ability to walk at 16 months and began to utter
meaningful words at 3 years of age. At 22 months, she experienced
recurrent focal seizures involving the right arm and lower
extremities. Her seizures were refractory to multiple medications
of valproic acid, zonisamide, and clobazam. EEG showed multifocal
spikes in the central and parieto-occipital areas during this period
(Fig. 1A). At 7 years of age, atonic and atypical absence seizures
appeared daily, and these were associated with an aggravated
condition of bilateral diffuse polyspikes and slow waves of which
the proportion to the EEG tracing during sleep was 20–30% on
average (Fig. 1B). Psychomotor deterioration, gait instability,
drooling, episodes of aspiration pneumonia, urinary incontinence,vier Ltd. All rights reserved.
Fig. 1. Electroencephalograms (EEGs), magnetic resonance imaging (MRI), and magnetoencephalograms (MEGs) of the patients. (A–F): Sequential EEGs of patients 1 (A–C)
and 2 (D–F). (G and H): MRI of patient 1. An ambiguous conﬁguration of the left central sulcus and pericentral gyral formation can be seen. The right central sulcus is indicated
by an arrow in H. (I–N): MEGs of patients 1 (I–K) and 2 (L–N). Dipole sources with a goodness of ﬁt > 80% are shown as yellow circles, and red squares represent the sensory-
evoked ﬁelds evoked by electrical stimulation of the contralateral median nerves. In (I)–(K), dipole sources are clustered in the bilateral inferior sensorimotor areas. In (L)–(N),
dipole sources are clustered in the inferior sensory area around the central sulcus on the left and in the sensorimotor area to the angular gyrus around the perisylvian regions
on the right. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of the article.)
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ethosuximide and clonazepam, however, the seizures disappeared
and the EEG ﬁndings improved (Fig. 1C). Behavioral problems also
became less evident.
At an evaluation performed at 7 years 5 months, her weight
was 20 kg (0.7 SD), height was 116 cm (0.7 SD), and her OFC
was 47.0 cm (3.3 SD). She had dysmorphic facial features (Suppl.Fig. 1A; Suppl. Table 1). Other minor anomalies included hirsutism,
bilateral ﬁfth ﬁnger clinodactyly, and syndactyly of the second and
third toes. A physical examination revealed left-sided hemiparesis.
She showed motor and social skills equivalent to those observed at
12–15 months of age, and speech and language skills equivalent to
those observed at 15–20 months of age; these had improved from
the level of 10–12 months and 12–15 months during aggravation of
T. Nakayama et al. / Seizure 21 (2012) 295–299 297epilepsy, respectively. The developmental quotient, assessed by the
Kinder Infant Developmental Scale (the Center of Developmental
Education and Research, Tokyo, Japan, 1989), was 21 at the period of
aggravation, and was 29 at this admission. Brain magnetic resonance
imaging (MRI) showed an ambiguous conﬁguration of the left
central sulcus and pericentral gyral formation (Fig. 1G and H), which
suggested the presence of dysplastic lesions in these areas. Interictal
sleep EEG showed spikes and polyspikes independently over
bilateral frontocentrotemporal regions (Fig. 1C). Magnetoencepha-
lography (MEG) during sedated sleep showed dipole sources in the
bilateral inferior sensorimotor areas (Fig. 1I–K).
2.2. Patient 2
Patient 2, a 9-year-old boy, was born to unrelated, healthy
parents at 42 weeks of gestation with a weight of 3285 g. Neither ofFig. 2. Results of array-comparative genomic hybridization (aCGH) analysis. (A) Ideogram
of 8p23.1–pter in patient 1 (#1) and subtelomeric deletion of 8p23.3 in patient 2 (#2). A
showing the location of each probe. Log2 ratios show the subtelomeric duplication of 
magniﬁed ideogram of the duplicated region is shown.his parents had intellectual impairment or epilepsy. The patient sat
without assistance at 9 months, walked at 20 months, and had
babbling speech at 20 months but was unable to speak any
recognizable words. At 2 years 10 months, he had recurrent
episodes of febrile seizures. He subsequently experienced weekly
tonic–clonic seizures involving the limbs with a left-sided
predominance from age 3 years 4 months. These seizures were
refractory to phenobarbital, zonisamide, and sodium valproate, but
they responded to treatment with clobazam.
On examination at 5 years 10 months, the patient’s weight was
14 kg (1.9 SD), height was 96 cm (3.3 SD), and OFC was 49.5 cm
(2.3 SD). He also presented with dysmorphic facial features
(Suppl. Fig. 1B; Suppl. Table 1). He showed global developmental
delays with motor skills equivalent to those observed at 8–14
months of age and his speech language skills were equivalent to
those observed at 6–10 months of age. The developmental quotient of chromosome 8 showing the location of each probe. Log2 ratios show the deletion
 magniﬁed ideogram of the deleted region is shown. (B) Ideogram of chromosome 9
9p24.2–pter in patient 1 (#1) and duplication of 9p21.1–pter in patient 2 (#2). A
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1976). Brain MRI showed symmetric enlargement of the lateral
ventricles. Interictal sleep EEG showed frequent high-amplitude
spikes and slow waves independently over bilateral frontocen-
trotemporal regions (Fig. 1D). MEG during sedated sleep showed
dipole sources in the bilateral perisylvian regions (Fig. 1L–N).
At the age of 7 years 6 months, absence seizures appeared daily;
EEG revealed aggravation with widespread, abundant spike-wave
activities that occupied 50–60% of the EEG recording during sleep
(Fig. 1E). Initiation of ethosuximide treatment resulted in the
disappearance of these absence seizures and marked improvement
in EEG ﬁndings (Fig. 1F).
3. Methods
G-banded chromosome analyses were performed on peripheral
lymphocytes using standard procedures. Fluorescent in situ
hybridization (FISH) analysis was performed according to a
method described elsewhere.11 Genomic DNA from the patients’
peripheral blood was evaluated by genome-wide array compara-
tive genomic hybridization (aCGH) using the Agilent Human
Genome CGH microarray 60 K and 44 K kits (Agilent Technologies,
Santa Clara, CA, USA) for analysis of patient 1 and 2, respectively,
following the manufacturer’s protocol.12 Data were analyzed by
Agilent Genomic Workbench Lite Edition 6.5.0.18 (Agilent
Technologies) and were shown with mapping data based on build
2009 (hg19). All analyses were performed after obtaining informed
consent from the parents of each patient.
4. Results
Initial G-banded chromosome analysis was interpreted as
normal karyotype in patient 1. However, aCGH analysis revealed
a loss and a gain of genomic copy numbers at 8p23.1 and at
9p24.2, respectively (Fig. 2). FISH analysis demonstrated the
unbalanced translocation between chromosome 8p and 9q
(Suppl. Fig. 2). Since one of the parents showed a balanced
translocation, the unbalanced translocation identiﬁed in patient
1 was shown to be derived from one of her parents. The ﬁnal
karyotype indicates 46,XX,der(8)t(8;9)(p23.1;p24.2).arr 8p23.3-
p23.1(1–11,257,335)  1, 9p24.3-p24.2(1–3,098,597)  3.
Conventional G-banded chromosomal analysis identiﬁed an
additional band on the short arm of chromosome 8 in patient 2
(Suppl. Fig. 3). The proband’s father carried a balanced transloca-
tion of 46,XY,t(8;9)(p23.1;p13), but the mother had a normal
karyotype, indicating that the chromosomal aberration in patient
2 was derived from the father. aCGH analysis gave the precise
chromosomal aberration; the ﬁnal karyotype of patient 2
is 46,XY,der(8)t(8;9)(p23.3;p21.1).arr 8p23.3(1–1,723,665)  1,
9p24.3-p21.1(1–30,747,639)  3 pat.
Therefore, the deletion of 8p23.3–pter and the duplication
of 9p24.2–pter were common in both patients (Fig. 2; Suppl.
Fig. 4).
5. Discussion
The dysmorphic phenotypic features of patient 1 are represen-
tative of 8p deletion syndrome,5,7,13 and those of patient 2 are
representative of 9p duplication syndrome8,9 (Suppl. Table 1).
These ﬁndings are consistent with the fact that the size of the
deletion in 8p was larger in patient 1 and the size of the duplication
in 9p was larger in patient 2 (Fig. 2). In addition, the features of
patient 1 are reminiscent of Brachmann-de Lange syndrome (BdLS)
(Suppl. Table 1). Differential expression of the BdLS phenotype in
these two cases suggested that the BdLS phenotype is linked to the
9-Mb region spanning from 8p23.1 to 8p23, which includes theTNKS gene and overlaps with the 5Mb region recently proposed as
responsible for this phenotype.19,20 In addition, preserved GATA
genes in the 11.7-Mb telomeric region could explain the absence of
congenital heart defects in both of these patients. With regard to
the phenotype of 9p duplication, the critical region for dysmorphic
features has been identiﬁed in 9p22,9,21 whereas the locus for
intellectual impairment and epilepsy is assigned more distally
from 9p23 to 9p24.3.22 The duplication in patient 2 spans both of
these regions, which is compatible with the manifestations in this
case.
The diagnostic criteria for ESES initially included the proportion
of continuous spike-wave discharges during non-REM sleep as 85%
or higher.1,2 However, patients with smaller proportions of 30–85%
also show similar but milder manifestations.1,2 The clinical course
and EEG ﬁndings in our patients can be categorized within the
spectrum of ESES. A lack of tonic seizures in our two patients is also
characteristic of ESES, which is in contrast to the seizure
phenotypes in Lennox–Gastaut syndrome. Localization-related
epilepsies with evolution of ESES can occasionally develop in
disabled patients with multilobar polymicrogyria. Good seizure
outcome in these patients is compatible with the self-limited
course in ESES.23,24 Considering that the ambiguous conﬁguration
of the left central sulcus and pericentral gyral formation in patient
1 may represent dysgenesis of the cortical structures, the epileptic
conditions of the present patients may be akin to this ESES
subgroup.
The prevalence of epilepsy in subtelomeric 8p deletions is
thought to be 25%,5 and the seizure types associated with these
deletions have been described in 14 cases and included focal,25
generalized,13,26 and atypical absence13 seizures. Complication of
epilepsy is much rarer in 9p duplication, with complex partial
seizures27 and infantile spasms22 being reported in some cases.
Although the evolution of ESES has not been recognized in either of
these chromosomal syndromes, this may be partly because most of
the previous reports focused on the prevalence of epilepsy rather
than the clinical evolution of the epileptic condition. The similar
epilepsy phenotype in the present two patients might have been
caused by the commonly deleted (1.8-Mb region in 8p23.3) or
duplicated (2.6-Mb region in 9p24.2) telomeric regions. Among the
three annotated genes (CLN8, DLGAP2, and FBXO25) present in the
deleted 1.8-Mb region, disruption of FBXO25 which encodes for a
brain-expressed F-box protein, may be responsible for epilepsy.18
The duplicated 2.6Mb region includes several genes (DOCK8,
DMRT3, DMRT2) in which deletions are linked to the autistic
spectrum phenotype;22 however their pathological roles in
duplication have not been clariﬁed. Therefore we were not able
to determine the genetic factor(s) responsible for the ESES
phenotype in these cases. We also could not identify the exact
pathomechanisms in terms of the difference between the two
patients, i.e. epileptic foci in patient 2 were located more rostrally
to involve the frontal lobes compared with those in patient 1
(Fig. 1), which may explain the more prominent motor manifesta-
tion in patient 2. Our ﬁndings suggest that certain chromosomal
syndromes are particularly susceptible to the age-related second-
ary bilateral synchrony that leads to ESES.3 This is consistent with
the fact that certain etiologies are relatively vulnerable to this
epileptic evolution, including benign childhood partial epilepsies,
congenital hemiparesis, schizencephaly, hydrocephalus, and mul-
tilobar polymicrogyria.1,23,24 A collective study of similar geneti-
cally proven cases is required for a better understanding of the
pathogenesis of ESES.
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